Ras family members regulate cellular differentiation, proliferation and survival. CL formation and regression are 41 regulated by the blood P4 level. This study investigated the association between changes in Ras family members and 42 the serum P4 level and determined protein interactions among Ras family members, hormone receptors, and 43 angiogenetic and apoptotic factors during formation and regression of the bovine CL. RASAL3 and RASA3 were found 44 using proteomics in CL and were significantly increased in the SPCL compared to the PPCL, whereas RasGEF1B was 45 decreased in the PPCL. Hormone receptors and angiogenetic proteins expression was lower in the PPCL and SPCL than 46 that in the RPCL, but apoptotic proteins were increased in the RPCL. The P4 and estrogen receptors positive correlated 47 48 Ras protein expression was increased in the PPCL compared to that in the SPCL, whereas RasGEF expression was 49 decreased. In summary, Ras activation and angiogenesis in the CL were positively correlated with the blood P4 during 50 estrous cylce. These results may increase understanding of Ras biological functions following stimulation of hormones 51 and their receptors during tissue proliferation and degeneration.
with RasGEF1B, R-Ras, and H-Ras through VEGFA, VEGFR2 and Tie2 in STRING database. RasGAP, H-Ras and R-Quantitative RT-PCR 199 The mRNA was extracted using TRIzol (Takara, Shiga, Japan), and concentration was measured using NanoDrop 200 2000 spectrophotometer (Thermo Scientific). Total 5.0 μg mRNA was used to synthesis cDNA using PrimScript 1 st 201 strand cDNA synthesis kit (Takara), and reverse transcription was performed at 45℃ for 60 min after 95℃ for 5 min. 202 The 1.0 μL synthesized cDNA were used to conduct PCR and was performed according to the primer conditions 203 ( Supplementary Table S2 ) using PCR premix kit (Bioneer). Then, the products were separated with 2.0% agarose gel 204 electrophoresis at 100 V for 20 min, stained with ethidium bromide, visualized with UV light, and mRNA expression 205 was analyzed with ImageJ software (NCBI).
207
Western blot 208 The proteins (25 μg/20 μL) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-209 PAGE) at 30 V for 20 min after 100V for 90 min, transferred to a polyvinylidene difluoride (PVDF) membrane at 30 V 210 for 180 min at 4 ℃, and incubated in blocking solution (5% skim milk in Tris-buffered saline/0.5% Tween-20; TBS-T) 211 at RT for 60 min. The membranes were incubated with TBS-T with 1 % bovine serum albumin (BSA; Sigma) containing 212 primary antibodies at 4 ℃ for overnight. The membranes were then washed three times with TBS-T each 5 min and 213 incubated with secondary antibodies conjugated horseradish peroxidase and visualized using the West Save Enhanced 214 Chemiluminescence kit (AbFrontier, Austin, TX). Protein expression was measured using the EZ-Capture II system 215 (ATTO, Tokyo, Japan), and protein band intensity was calculated using ImageJ software (NCBI). Used antibodies were 216 listed in Supplementary Table S3 . 226 Total 56 protein spots were detected in CL ( Supplementary Table S4 ), of these 27 protein spots were repetitively 227 detected at PPCL ( Fig 1B) , SPCL ( Fig 1C) and RPCL ( Fig 1D) were analyzed by MALDI-TOF/MS (Supplementary 228 Fig S2; spot no. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and determined to correspond to 18 different proteins (Table 1) which 229 processing is summarized in Fig 1A. The confidence value of RABL5, RASAL3, RASA3, RasGEF1B, GSTA1, 230 SWAP70, and GDI2 were less with other 11 proteins ( Fig 1E) . The RABL5 is play a role intracellular protein transport 231 and GTP binding, RASAL3 and RASA3 (Table 1 ). The RASAL3, RASA3, RasGEF1B, and GDI2 play a role positive 232 regulation of GTPase activity (Fig 1F, red) , RABL5, RasGEF1B, and GDI2 mediate signal transduction vial small 233 GTPase (Fig 1F, blue) , and RASAL3, RASA3 and GDI2 active GTPase activators (Fig 1F, green) . Especially, RASAL3, 234 RASA3, and RasGEF1B were directly involved in Ras proteins activation compared to RABL5 and GDI2 (Table 1) .
2-DE, mass spectrometry, and protein association analysis

235
Based on 2-DE protein spot analysis, RABL5, RASAL3, RASA3, RasGEF1B and GDI2 protein spots were decreased 236 in RPCL compare to PPCL and SPCL ( Fig 1G) . Especially, RASAL3 and RASA3 were increased but RasGEF1B were 237 decreased in SPCL compared to PPCL (Fig 1G) .
238
The Gene Ontology (GO) analysis of identified total CL proteins reveals over the half of all proteins at PPCL and 239 SPCL involved in cellular process, single organism cellular process, biological process, cellular response to stimulus, 240 and cell communication, whereas apoptotic process, negative cellular process, negative biological process, endocytosis, 241 negative developmental process, and muscle contraction were mostly related with RPCL (Fig 2A) . Based on 242 classification of the identified differentially expressed protein in molecular function, over the 50 % of PPCL and SPCL 243 proteins were involved in molecular function, heterocyclic compound binding, organic cyclic compound binding and 244 ion binding ( Fig 2B) . Moreover, cellular components ratio of determined proteins was different during estrous cycle, 245 kinds of cellular component were increased in PPCL ( Fig 2C) to SPCL (Fig 2D) , whereas, decreased at SPCL to RPCL 246 (Fig 2E) .
248
Protein connection in hormone receptors, angiogenesis, apoptosis factors and Ras regulators 249
The 3β-HSD, P4R, PGF2αR and ERα mRNA ( Fig 3A) and protein ( Fig 3B) were decreased in RPCL compared 250 to PPCL and SPCL, ERα and OTR proteins expression were higher at PPCL than SPCL and RPCL. Additionally, P4R 251 was positive correlated with ERα but there were little molecular interaction between hormone receptors and Ras 252 regulators according to in STING protein-protein interaction data (Fig 3C) .
253
The VEGFA and VEGFR2 mRNA ( Fig 3D) and protein ( Fig 3E) were increased at PPCL and SPCL compared 1.
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